Background
Introduction
Primary Sjögren's syndrome (pSS) is an autoimmune disorder of the exocrine glands with associated lymphocytic infiltrates of the affected glands characterized with oral and eye dryness [1, 2] . Other than sicca symptoms, there is often systemic involvement (extraglandular manifestations). Substitute agents (sialogogues and eyedrops) are standard management for controlling sicca symptoms. Extraglandular features are often treated with pharmacological drugs including steroids and immunosuppressants [3] . Furthermore, people with pSS are found to have a lower intake of vitamin C [4] . Taken together, people with pSS may be at increased risk of infections due to dysfunctions of the immune system, pharmacological treatments and altered nutrient intakes [3] [4] [5] [6] .
Herpes zoster (shingles) is a common viral disease caused by reactivation of latent varicella zoster virus which leads to painful vesicular eruptions in a dermatomal distribution. Usually shingles and herpetic pain subsides spontaneously. Approximately 13-25% of shingles patients suffer from herpetic pain lasting 3 months or longer, which is defined as postherpetic neuralgia [7] . Postherpetic neuralgia, the most common complication of shingles, often leads to a profoundly negative impact on one's quality of life [7] [8] [9] . Because of the substantial financial and health care burden imparted by shingles and its complications, elucidation of risk factors associated with this illness is important [6, [10] [11] [12] [13] . Interestingly, pSS along with rheumatoid arthritis and systemic lupus erythematosus (SLE) are the three most common autoimmune diseases [14] [15] [16] . The associations between shingles and rheumatoid arthritis/SLE have been reported in many medical articles [10] [11] [12] [13] . However, the association between pSS and shingles is under studied: a keyword search in PUBMED on the relationship of pSS and shingles returned zero publications. To our knowledge, only one study examined the associations between pSS and shingles [17] . The finding that pSS patients are not at risk of shingles is questionable due to the flawed design of that study. In particular, the associations between the risk of shingles and pharmacological treatments of pSS including steroids and immunosuppressants have not been examined. Considered an unmet requisite in pSS research [16] , the goal of this study was to estimate the incidence of adults with pSS developing shingles using nationwide population-based cohorts in Taiwan. Furthermore, the incidence of developing shingles and shingles-associated complications in adults with pSS exposed to different pharmacological treatments was also assessed.
Health Insurance program is a health care system established in 1995. It is a mandatory singlepayer health insurance system in which all citizens are obliged to participate. The coverage rate in 2008 was approximately 99.5% of Taiwan's entire population. The claims data are generally accurate. Thus far, more than 1000 studies based on these data have been published in peerreviewed journals [18, 19] . In this study, we used Taiwanese longitudinal NHIRD from 1996-2011.
The Bureau of National Health Insurance specifies 30 categories of catastrophic illnesses. These illnesses include cancers, congenital illnesses, end-stage renal disease, and several autoimmune diseases such as pSS. In Taiwan, a patient suffering from any catastrophic illness can apply for a catastrophic illness certificate. To obtain a catastrophic illness certificate, the patient's attending rheumatologist is required to provide relevant clinical and laboratory information as part of the application for review. The review committee then assesses the application according to the specific criteria for each diagnosis. A patient is given a catastrophic illness certificate and exempted from co-payment if approved. Hence, the accuracy of the pSS diagnosis was not a concern in this study [1, 2] .
Cohort of adults with pSS
We identified 8,423 adult patients (≧ 20 years old) with ICD-9-CM 710.2 and approval of the catastrophic illness certificate for pSS between 2001 and 2008. Exclusion criteria included (1) patients with secondary Sjogren's syndrome who had a catastrophic illness certificate for Sjogren's syndrome and a catastrophic illness certificate for any other autoimmune disease, such as SLE, rheumatoid arthritis and/or other connective tissue diseases [1, 2, 20, 21] ; (2) patients with lymphoma, sarcoidosis, hepatitis C viral infection, organ transplants, human immunodeficiency virus infection, chronic obstructive pulmonary disease or those who have experienced radiotherapy to the head and/or neck, [1, 2, 14, 22, 23] ; (3) patients with pSS had been diagnosed with shingles previously; and (4) unmatchable patients. Anyone meeting the aforementioned exclusion criteria was excluded from the study because these patients may have been treated with steroids and immunosuppressants or suffered from immunosuppressive conditions which are potential confounders of shingles. As a result, 4,287 adult patients with pSS were identified as study cohorts (S1 Fig) .
The controls were matched with adult pSS patients by age, gender, selected comorbidities and Charlson comorbidity index (CCI) scores by propensity scores from the remaining database patients without pSS diagnosis [24] .
Drug exposures
Medications were coded according to the anatomical therapeutic chemical drug classification system. The current medications for pSS include substitutive agents (artificial tears, salivary substitutes) and pharmacologic therapies (steroids, immunosuppressants and biologic agents) [3] . Immunosuppressants include methotrexate, azathioprine, leflunomide, tacrolimus, sirolimus, cyclosporine, cyclophosphamide, hydroxychloroquine, sulfasalazine, gold thiomalate, mycophenolic acid, mycophenolate mofetil, interferons, D-penicillamine and thalidomide [3] . During the study period in Taiwan, available biologic agents for pSS included etanercept and adalimumab which could be prescribed alone or prescribed as combined therapies with steroids and/or immunosuppressants. In total, there was a small number (<25) of pSS patients prescribed biologic agents. Thus, pSS patients prescribed biologic agents were grouped into "immunosuppressants group" rather than creating more subgroups which were too small to provide significant information. As a result, drug-subgroup analysis for the treatment of pSS was collected with a focus on steroids and immunosuppressants. For the comparison, pSS patients were grouped as follows: (1) No drugs (no steroids/immunosuppressants); (2) Steroids alone; (3) Immunosuppressants alone; (4) Combined therapies of steroids and immunosuppressants. The impact of medications stratified by age groups was also studied. Adult patients with pSS were divided into two age groups: 20~49 and ≧50.
Based on the assumption that shingles is an acute event, only recent drug exposure was considered to be related to the incident shingles. A recent exposure was defined as drugs prescribed at the time of the event or within the previous 90 days for 3 days or at least 3 days prior to the outbreak [11, 18, 25, 26] .
Identification of shingles
Incident shingles cases were identified by an automatch search for codes of shingles and zoster complications (ICD-9 codes 053.0-053.9) listed on the outpatient/inpatient diagnosis claim data. Patients receiving a diagnosis of shingles before the date of cohort entry were excluded from both the study and control cohorts. Since the date of cohort entry, all patients were followed until the development of shingles or until the end of 2011, whichever was earliest [18] .
Complications of shingles
We examined postherpetic neuralgia and nonpain complications among patients suffering from shingles. Postherpetic neuralgia was either identified with post-herpetic neuralgia ICD-9-CM 053.1 or defined as visiting a physician with the shingles codes lasting more than 90 days and receiving pain medications/treatment for neuralgia [19, 27] . Nonpain complications included ophthalmic zoster (053.2), neurological, dermatological and other shingles-related complications [7, 18, 19, 27, 28] (S1 Appendix).
Statistical analysis
Data processing and statistical analysis were performed using SAS statistical software (Version 9.3.1; SAS Institute, Cary, NC, USA). Chi-square tests were used to test the differences in categorical variables between the pSS patients and the control cohorts. The difference of continuous variables between the two groups was performed by Student's t-test. Kaplan-Meier analysis was used to calculate the cumulative hazard rates of shingles between the two groups and the log-rank test was used to test the difference between the survival curves. A Cox regression model was performed to compare the adjusted hazard ratio (HR) of shingles between the pSS and control cohorts by adjusting for age group, selected comorbidities, Charlson comorbidity index scores, drugs, monthly income and geographical region. A p value of <0.05 was considered significant [18] .
Ethics
This retrospective study was approved by the Institutional Review Board of the Chi Mei Medical Center, Tainan, Taiwan. Written informed consent was waived because we used de-identified secondary data released to the public for research purposes.
Results
We identified 4,287 adults diagnosed with pSS and 25,722 controls with a ratio of 1:6. The distributions of demographic characteristics, selected comorbidities and CCI scores for adults with pSS and the control cohorts are shown in Table 1 . No statistically significant differences were noted between adults with pSS and control cohorts (adults without pSS) regarding age/ gender distribution, selected comorbidities and CCI scores because we used propensity-score matching. The female to male ratio was 6:1 with females being predominant.
Incidence of shingles
In total, 463 adults with pSS (10.80%) and 1,345 control cohorts (5.23%) were diagnosed as having shingles during the follow-up period (P<0.001). The overall incidence of shingles for pSS adults and the control cohorts were 18.74 and 8.55/1000 patient-years, respectively (Table 2) . Cox regression analysis revealed that pSS is an independent risk factor for shingles after adjusting for potential confounders with adjusted HR of 1.69 (95% confidence interval (CI), 1.50-1.90). The cumulative incidence of shingles in pSS adults was significantly higher than that of the control cohorts over the follow-up period (P<0.001) (Fig 1) . Age/gender subgroup analyses for incidence of shingles
In age-subgroup analyses, age-specific incidence for shingles in pSS increased with age resulting in the highest incidence of shingle in those aged 60 and older (Table 3) . Adjusted HRs of shingles in pSS adults compared with the control cohorts reached statistical significance in all of the age-subgroups. Interestingly, the adjusted HRs of shingles in pSS adults compared with the control cohorts peaked in those aged 20 to 29 and hit the lowest level in those aged 50 and older. As for gender-subgroup analyses, both male and female adults with pSS had greater risks of developing shingles than the control cohorts.
Pharmacological treatments and the incidence of shingles
The control cohorts with no drugs were used as the reference group. Compared to the reference group, the adjusted HRs for shingles in pSS adults with and without drugs (steroids and/or immunosuppressants) were 2.06 (95% CI 1.76-2.41) and 2.84 (95% CI 2.48-3.25), respectively (P < 0.001; P < 0.001). Furthermore, compared to pSS adults without drugs, the adjusted HRs for shingles in pSS adults receiving drugs was 1.40 (95% CI 1.16-1.69) (P < 0.001), indicating that drug exposures in pSS adults significantly increased the risk of shingles (Table 4 ). The impact of medications stratified by age groups, in pSS adults aged ≧50, the risk of shingles in pSS adults receiving drugs was significantly greater than that for pSS adults without drugs (adjusted HR 1.43, 95% CI 1.15-1.78) (P = 0.001). However, in pSS adults aged 20~49, there was no significant difference in the risk between patients with and without drugs (P = 0.159). Based on the pharmacological therapies of pSS, the adjusted HRs for shingles in pSS adults compared to the reference group were ranked from high to low as: Combined therapies of steroids and immunosuppressants > Immunosuppressants alone > steroids alone > no drugs. (all P < 0.001) In addition, compared to pSS patients without drugs, adjusted HRs of shingles in all subgroups of pSS patients receiving pharmacological treatments reached statistical significance (all P < 0.05). Adjusted HRs of shingles peaked in those receiving combined therapies of steroids and immunosuppressants (2.06, 95% CI 1.52-2.79) and hit the lowest in those receiving steroids alone (1.27, 95% CI 1.03-1.56). These results suggest that the incidence of shingles in pSS adults varied with different pharmacological exposures.
Outcomes of herpes zoster
The hospitalization rate for herpes zoster was 5.62% in pSS adults, which was higher than that in the control cohorts (2.60%) (P<0.001). The rate of postherpetic neuralgia in pSS adults with herpes zoster was 24.41%, which was higher than that in the control cohorts (13.01%) (P<0.001). However, there were no significant differences in the rates of nonpain complications between pSS adults and the control cohorts. Overall, adult pSS patients were at significantly greater risks of shingles-related hospitalization and postherpetic neuralgia than the control cohorts (Table 5) .
Discussion
To our knowledge, this is the first nationwide population-based cohort study to explore the risk of shingles in adults with pSS. Incidence of shingles among adults with pSS was 1.69 times higher than adults without pSS. Age-subgroup analyses showed that age-specific incidence increased with age; however, the adjusted HR decreased with age. No significant differences in incidence and adjusted HR by gender were noted. Compared to the control cohorts with no steroids and no immunosuppressants (7.60/1000 patient-years), pSS adults receiving no pharmacological drugs revealed the lowest incidence (15.28/1000 patient-years) and pSS adults with combined therapies of steroids and immunosuppressants demonstrated the highest incidence (31.37/1000 patient-years). Overall, drug exposures in pSS adults increased the risk for shingles. The risk of shingles varied in pSS adults when exposed to different drugs. Shingles is known to be more prevalent in patients with autoimmune diseases such as rheumatoid arthritis and SLE [10, 11] . In this population-based study, the overall adjusted HR for shingles in pSS patients was 1.69 supporting the hypothesis that pSS is associated with the increased risk of shingles. Nonetheless, the adjusted HR for shingles in pSS is lower than those in patients with either rheumatoid arthritis (2.4) [12] or SLE (2.45) [10] from nationwide population-based data. The universal varicella vaccine was introduced in Taiwan for children born in mid-2002 [10] . All of the subjects in the present study were born before 1990. Furthermore, none of the subjects received zoster vaccines (zostavax) because zostavax was not available prior to 2013 in Taiwan. Thus, the risk of shingles in adult patients with pSS and the control cohorts were not influenced by the varicella vaccine policy in Taiwan and/or zostavax. However, conflicting results with the present study are reported in a retrospective hospital-based study [17] . In the conclusion of that study, the authors mentioned that the risk of shingles in the 17 selected diseases was not compared to that in healthy individuals. It was the major flaw in the design of that study. For example, in assessing the risk of shingles in pSS, the controls were defined as patients with the other 16 diseases. The estimation of risk would be underestimated because most of the other 16 diseases were associated with higher risks of developing shingles [17] . Consistent with data from previous studies [7, 28, 29] , age-specific incidence of shingles in the control cohorts increased with age. Similarly, age-specific incidence of shingles in pSS increased with age and peaked in pSS patients aged 60 and older, indicating that the trend of age-specific incidence in pSS is similar to that of the general population. In age-subgroup analyses of this study, among the adjusted HRs for shingles, the greatest (4.22) was in pSS patients aged 20-29 and the lowest (2.05) was in pSS patients aged 50-59, respectively. Interestingly, similar findings regarding that the adjusted HRs for shingles in pSS tended to decrease with age are also found in SLE patients compared with non-SLE cohorts [10] . Explanations for such findings are made by classifying the risk in one of two categories: the absolute risk and the relative risk. The absolute risk for shingles in pSS patients is represented by age-specific incidence of shingles which increased with age. The findings indicate that old age is a predictor of shingles [7, 8] . As for the relative risk, the adjusted HRs for shingles in age-subgroup analyses represent the relative risk for shingles. The risk of shingles is a comprehensive result of immunity linked to the aging process [8, 30] , comorbidities [18, 31] , drug exposures [11, 18] , disease severity [26, 32] and nutritional conditions [6, [33] [34] [35] . The higher relative risk in young adults with pSS could not be attributed to comorbidities and CCI scores [1, 18, 36] in this study because we used propensity-score matching [31] . In the general population, young adults commonly possess intact immunity and are in good health; whereas, the elderly may have inadequate immune responses due to immunosenescence [6, 8, 30, 37] . The elderly often suffer from comorbidities and are prescribed medications which may impair immunity. In contrast, all pSS patients, including young and elderly, have dysfunctional immunity and diminished health [1, 4, 36] . Thus, it is reasonable for young pSS patients to have a greater relative risk for shingles. Alternatively, unmeasured residual confounding factors such as disease severity [32] , and nutritional deficiencies [6, [33] [34] [35] are likely to be the causes.
Compared to the control cohorts without steroids/immunosuppressants, pSS adults without drugs had adjusted HRs for shingles 2.06 (95% CI 1.76-2.41), indicating pSS alone is an independent predictor of shingles. The findings support the aspect that pSS is not as benign as traditionally considered [16, [38] [39] [40] [41] . In general, 40-60% of pSS patients will develop extraglandular symptoms http://www.physio-pedia.com/Sjogren's_Syndrome-cite_note-Monika-3#cite_note-Monika-3 and receive steroids and/or immunosuppressants as the treatment [3] . In this study, we discovered that approximately 49% of pSS patients were prescribed steroids and/or immunosuppressants-consistent with epidemiological findings. The adjusted HRs for shingles in pSS patients receiving steroids alone was 1.27 (95% CI 1.03-1.56), which was close to that in those receiving immunosuppressants alone 1.53 (95% CI 1.08-2.15). Combined therapies of steroids and immunosuppressants resulted in the greatest risk of shingles in pSS patients with the adjusted HR 2.06 (95% CI 1.52-2.79). These results were similar to previous findings that usage of steroids alone, immunosuppressants alone or combined therapy is significantly associated with increased incidence of shingles in patients with rheumatoid arthritis [11] . The overall adjusted HRs for shingles in pSS adults receiving drugs was 1.40 (95% CI 1.16-1.69) compared to pSS adults without drugs. However, compared to pSS adults without drugs, a significant greater risk of shingles in pSS adults receiving drugs was noted in pSS adults aged ≧50 but not in pSS adults aged 20~49. Thus, pSS patients, particularly those receiving medications, should be informed of the increased risk of shingles in order to recognize shingles early and prevent shingles-related complications [32] . In pSS adults aged ≧50, zoster vaccines prior to beginning immunosuppressive drugs might be considered [8] .
Similar to adults without pSS, postherpetic neuralgia is the most common complication of shingles in adults with pSS [7] . Shingles-related hospitalization and postherpetic neuralgia in adults with pSS were significantly greater than those in the control cohorts. The findings regarding the higher risk of shingles and postherpetic neuralgia in adults with pSS raises a questionshould zostavax be used on pSS patients? Active immunization with zostavax, a live attenuated vaccine, has been shown to be effective in preventing shingles and postherpetic neuralgia in the immunocompetent elderly [8] . But, vaccination of immunocompromised subjects with zostavax is not recommended at present. Recently, two retrospective cohort studies and a small prospective study have demonstrated the safety of Zostavax in selected autoimmune diseases compared with the control cohorts. However, the results are preliminary [42] [43] [44] . Further large-scale studies are needed to investigate the safety and efficacy of the zoster vaccination in immunocompromised patients such as pSS and to help refine guidelines for the use of zoster vaccines.
Strengths and limitations
The present study has four advantages. First, nationwide population-based data including outpatient and inpatient service claims were used to decrease selection bias arising from including only severely affected patients [23] . Second, using propensity-score matching reduced selection bias and confounded associations [24] . Third, the relative homogenous population of Taiwanese residents reduces potential confounding by race because racial differences may be a risk factor for shingles [45] . Fourth, pSS patients were identified by their catastrophic illness certificate, approved by the review committee according to the specific criteria of each diagnosis [1] . Thus, the accuracy of the pSS diagnosis was not a concern.
There are several limitations of this study. First, shingles cases in this retrospective study were defined by diagnostic codes without medical record review [46] . Nonetheless, excellent correlates for the diagnosis of shingles between ICD-9 codes and chart review have been demonstrated [13] . Second, an information bias may have occurred if shingles in pSS patients was preferentially diagnosed because pSS patients had more visits to physicians for their pSS and greater comorbidities. Another information bias may have arisen if pSS patients were more likely to be diagnosed with shingles than patients in the matched control cohorts because physicians were more alert to the diagnosis of shingles in patients with autoimmune diseases [32] . Third, this study did not investigate the risk of shingle in the subgroup of biologic agents alone due to a small number of pSS patients receiving biologic agents. Fourth, this study cannot differentiate the severe effects of the underlying disease from the confounding effects of pharmacological treatments. The complex effects of disease severity and medications affect all study subgroups [26] . However, it is not possible for one study to assess all risk factors and to avoid all confounders. In this study, propensity-score matching was used. All adjusted HRs for shingles from all subgroups of pSS patients demonstrated increased risks of shingles, which validate the findings.
In conclusion, this population-based study showed that pSS adults were at greater risk for shingles and postherpetic neuralgia compared to the control cohorts. Drug exposures increased the risk of shingles significantly. Physicians should be aware of the greater incidence of shingles among adults with pSS and the use of zoster vaccines prior to beginning immunosuppressive drugs in pSS patients might be considered. They should also be familiar with proper antiviral therapy and pain management to reduce the morbidity that ensues from the outbreaks of shingles. Future studies are needed to elucidate the nature of the associations between pSS and shingles and to investigate the safety and efficacy of zoster vaccine in patients with pSS. 
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